Purpose: Today considering the high prevalence of diabetes and its associated pressure ulcers, also irreparable consequences such as amputation and death, the use of orthotic devices is increasing. A variety of devices have designed to prevent ulcers in the patients' feet, however other aspects of the treatment, especially the performance of these patients in standing and walking, which are their main daily activities, have not been considered in designing and use of orthotic devices. In addition, the differences between the available devices and their effects have not been described yet. Therefore the aim of this review article is to answer these issues.
Introduction
iabetes mellitus with its complications like pressure ulcers is an economic, social, and medical problem in most countries and a major cause of non-traumatic amputation in most Western countries [1, 2] . Many damages to diabetic foot are preventable and patient's awareness is the most important principle in prevention. Numbness, especially the lack of pain sensation is a critical predisposing factor in developing ulcers and ultimately amputation in diabetic foot [3] . In 2005, it was reported that lifelong dangers threaten more than 25% of diabetic patients who have a serious ulcer in foot. Moreover, every 30 seconds a lower limb amputation occurs as a result of diabetes in the world [4] . Neuropathic wound management is done in 3 ways: 1) Removing callus; 2) Eradicating the infection; and 3) Reducing the effect of body weight forces.
There are different strategies to reduce plantar pressure and treat ulcers in diabetic patients with foot numbness, including: casting plaster, corrective orthotic devices like insoles, rocker, and medical shoes [5] [6] [7] . Several studies have been conducted to evaluate the effect of orthosis on reducing foot plantar pressure in patients with diabetes. Nick et al. (2006) investigated plantar pressure in toes area of diabetic patients during their daily activities. Plantar pressure was registered while walking on flat surfaces, ramp, stairs as well as rotation while performing these activities. The least pressure was recorded under the fourth and the fifth metatarsal. Pressure during walking compared to other activities was higher on the flat surface. Rotation during these activities compared to other activities creates more pressure to the plantar area. Plantar pressure was higher while walking up the stairs and ramp than while going down. In the thumb area, more pressure was registered while going down the stairs compared to going up [8] .
In two studies by Giacomozzi et al. (2008) , the effects of vertical forces, shear stresses, and free torques on foot were studied in patients with diabetes and those with peripheral neuropathy during walking. In both studies, soles of the feet were divided into three regions of anterior, middle, and posterior. Findings showed increase in the maximum pressure on the external shear force and under the metatarsals (the middle area of the foot) [9] . In another study in 2010, it was found that diabetic patients are mostly accustomed to the same strategy in walking where gait speed is slower, base of support is wider, and double limb support is longer [10] .
Sacco et al. [11] evaluated the plantar pressure in the anterior, middle, and posterior areas. The results showed that diabetic patients have less motion in the ankle joint in the static phase and less ankle flexion in the heel while contacting the ground. The maximum amount of pressure and maximum time for its application in diabetic patients is in the middle part of the foot and separation phase of the heels from the ground, compared to the heel contact with the ground [11] . The results of study by Menez et al. (2004) on the old people with diabetic neuropathy indicate that the gait speed, motion rhythm, and stride length in these people decrease and instances of rhythmic acceleration in the head and pelvis is lower compared to the control group [12] .
According to Dingwell et al. [13] study, patients with diabetic neuropathy are more at risk of falling during walking than people with normal sense. Also their walking speed is slower in order to improve stability of motion and to increase motor variability [13] . The amount of energy consumption is different in people and depends on the size and structure of the body. Therefore, people with low metabolic rates are at more risk of weight gain and diabetes. According to Nair study in 1984, base energy consumption was 2042 kcal in diabetic patients in 24 hours, compared to 1774 kcal in normal people in 24 hours (P<0.01). However, insulin therapy decreased energy consumption by 1724 kcal in 24 hours (P<0.01) [14] .
To prevent ulcers and its complications in diabetic foot, the pressure must be removed from high pressure areas with the help of foot orthosis, which finally leads to proper plantar pressure distribution and prevention of ulcers. Various devices have been designed to prevent foot ulcers in these patients. However, other aspects of treatment, in particular, the performance of these patients in standing and walking, which are the most important daily activities of individuals, have been neglected in their design and administration. In addition, the difference among available devices and their effects have not been clearly described. Therefore, by reviewing studies in this field, we attempted to interpret and compare appropriate orthosis strategies in the treatment of these patients.
Materials and Methods
A thorough search of the scientific literature was carried out in PubMed, Google Scholar, and ISI Web of Knowledge. Different keywords such as "diabetic neuropathy", "orthosis", "plantar pressure", "balance", "energy consumption", "spatial-temporal parameters of gait" were used to search for articles. In the next step, the scientific search was done in relation to "the effect of orthotic treatments on each of these factors in patients with diabetes". Next, all found articles were classified in 6 separate files (includ-D January 2017. Volume 6 . Number 4 ing pathology, plantar pressure, standing balance, energy consumption, spatial-temporal parameters of gait, and foot orthotic treatment). Afterwards, the articles were read and their complete summaries were carefully classified and inserted into Microsoft Excel in 6 separate sections.
The first step in choosing articles are based on the relevance of article title with criteria and questions of the investigator. The second stage was also based on the following criteria: 1) Article was written in English; 2) Article included information about people with neuropathy diabetes; 3) The study population were more than 20 people; 4) Article design was "pre/post, case series, case report, randomized controlled trial, observational and clinical consensus"; and 5) The main measures included plantar pressure of the feet, standing balance, energy consumption, and spatial-temporal parameters during walking. Then, the assessment of articles was carried out based on the quality of methodology and Downs and Black tool. Saunders et al. compared 18 instruments for assessing the quality of nonrandomized trials. After the analysis, they proposed Downs and Black's as the best instrument, because this instrument has developed methods of testing intelligence and its validity and reliability have been also tested. It includes 27 questions in terms of reporting, external validity, internal validity (bias) and internal validity of confounding factors [15] . Table 1 presents the quality of studies. It seems that quality of studies is weak and their results should be used with caution. Table 2 shows final assessment of articles based on Downs & Black tool in this study.
Results
After the scientific search, a total of 245 articles in English were obtained with the keywords of "diabetic neuropathy", "orthosis", "plantar pressure", "balance", "energy consumption", "spatial-temporal parameters of gait". Out of them, 184 articles were removed because of having duplicate title or incomplete text. Twenty-five articles were also excluded from the study, because they were not related to the above subject or had no logical conclusion based on the findings of other articles. Eventually, in the upcoming review article, results of 36 articles were examined and reported (Figure 1 ). 25 articles were excluded from the study, because they were not related to the study subject or had no logical conclusion based on the findings of other articles.
Of final 36 articles on the effect of foot orthosis on walking and standing of patients with diabetes, 25 articles just noted the effect of orthoses on the plantar pressure in these patients. Of these, 2 were systematic review, 6 case control, 10 RCT, 3 Cohort, 1 pre-post, 1 case report, and 2 article review. Also, 2 articles discussed about some parameters of walking besides foot plantar pressure, one of these articles was case control and the other one was RCT. In an observational article, the effect of foot plantar pressure on standing balance had been studied, too. Of the remaining articles, 5 were related to the balance, where 3 were RCT, 1 systematic review, and 1 cohort. Three articles studied the effect of orthoses on spatial-temporal parameters of gait in which 2 studies were systematic review and 1 article review.
Plantar pressure
Of the studied articles, 7 studies investigated the effect of footwear on plantar pressure in diabetes patients that one article was systematic review [16] , 2 case control [17, 18] , 2 RCT [19, 20] and 1 article review [7] . In one cohort study [21] , the impact of sandals in reducing plantar pressure in most areas of foot was higher in comparison to shoes. The study results indicate that shoes type and its properties is effective in reducing the applied forces exerted on the soles of the feet. Shoes can reduce the maximum pressure and exertion time in all foot areas, especially in the anterior area.
Seven articles were available in relation to the effect of insole alone on the plantar pressure, in which two of them were systematic review [2, 16] , 2 case control [22, 23] , 2 RCT [24, 25] and 1 article review [16] . Four articles were about use of shoes with insoles and its effect on plantar pressure; that 2 of them were RCT [25, 26] , and 2 cohort studies [27, 28] . Four articles examined the effect of rocker in shoes on the plantar pressure in which 2 articles were case control [29, 30] , 1 RCT [31] , and 1 article review [32] . In this context, there are 4 articles that examined the impact of rocker on shoes with insoles where 2 articles were RCT [33, 34] , 1 article case control [6] , and 1 systematic review [16] . Reported results of the studies show that using rocker is very effective on healing or preventing the diabetic foot ulcer, especially if the rocker is placed outside the shoes and standard insoles inside it. It is worth noting that type of rocker, its slope and the location of its tip is very effective in reduction or elimination of pressure from wounded areas.
Of the studies reviewed, 4 articles discussed the ankle orthosis on reducing plantar pressure, where a study was prepost [35] , 1 report [36] and 2 RCT [34, 37] . There is little research regarding use of ankle orthosis in reducing the plantar pressure and also available articles were not valid regarding their results. Four articles were found regarding the impact of plaster, where 1 was systematic review [16] , 1 observation [38] , and 2 RCT [39, 40] . 
Standing balance
In this study, two articles were obtained regarding the impact of shoes, where one of them was RCT [41] and 1 systematic review [41] and both of them reported the positive effect of the shoes type on improvement of standing balance in people with diabetes. There were two papers regarding the impact of the insole, where one of them was RCT [42] and the other one was cohort [43] . Meanwhile, one RCT study [44] and an observation article [38] was found in relation to the effects of plaster on the improvement of standing balance. Generally, studies are very limited regarding the impact of therapeutic instruments on standing balance, and in most research areas, there is no available study; however, results of current studies show effectiveness of using a standard insole with special shoes on regaining stabilization. Yet, only one paper was found regarding the impact of rocker on the balance of diabetic patients which reminds that using rocker decreases sensation and as a result, increases risk of falling in a persons with diabetes. No valid study was found on using plaster, which on its results can be relied. 
Energy consumption
In this regard, there is no article showing that using any orthotic devices in diabetic patients would change energy consumption.
Spatial-temporal parameters of gait
Very few studies are found in the field of spatial-temporal parameters of gait and the effect of orthosis on these people in a way that only two systematic review studies were found on shoes [45, 46] . Only one article was found as case control [22] regarding the effect of the insole in this context. During the researcher's investigation about rocker, two articles were found, where one of them was article review [32] and the other one was RCT [34] . Only one RCT article was found [34] regarding the ankle orthosis which partially addressed this subject. Eventually, like standing balance, the study results regarding the impact of therapeutic instruments and spatial-temporal parameters on gait are very limited and indicate that these instruments have little effect on gait parameters, especially speed and only partially change range of motion in some joints. Even there are contradictory results regarding the effect of rocker on sagittal plane movements of foot.
Discussion

Plantar pressure
Our study results indicate that shoe type and its properties are effective in reducing the applied forces exerted on the plantar area of the feet, and shoes can decrease the maximum pressure and its exertion time on all areas of the foot, especially the anterior area. In addition, it is observed that using insole alone has no significant effect in reducing plantar pressure and yet the best insole is the one that is built customized, based on the individual sizes, and also considering the plantar pressure. Moreover, the greatest effect is noted when the insole is used with an appropriate footwear. Using rocker and its effect is stronger than previous two orthoses. Reported results of the studies show that using rocker is very effective for healing the wound or preventing the ulcer in diabetic foot, especially, if the rocker is placed outside the shoes and standard insoles inside it. It is worth noting that rocker type, slope, and the location of its tip are very effective in reduction or elimination of pressure from wounded areas of the foot. There are few studies about ankle orthosis and reducing the pressure on the plantar area, and available articles are not valid regarding their results. A few studies were found regarding the use of plaster with full contact, but all of them strongly supported the use of plaster. Results show that fiber glass plaster with full contact compare to the other means is more useful in reducing the extent of diabetic ulcers and the recovery rate.
Standing balance
Studies are very limited regarding the impact of therapeutic instruments on standing balance, and in most research areas, there is no study; however, results of available studies show effectiveness of using a standard insole with especial shoe on regaining the lost stabilization. Yet, only one paper was found regarding the impact of rocker on the balance of diabetic patients which reminds that rocker decreases sensation and as a result, increases risk of falling in a person with diabetes. No valid study was found on using plaster, which on its results can be relied.
Energy consumption
There is no article in this regard showing that using any orthotic devices in diabetes patients, changes energy consumption. And given the importance of energy efficiency in patients with diabetes, it is suggested that future studies cover this issue.
Spatial-temporal parameters of gait
Like standing balance, the study results regarding the impact of therapeutic instruments and spatial-temporal parameters on gait are very limited and indicate that these instruments have little effect on gait parameters, especially speed and they only partially change range of motion in some joints. Even there are contradictory results regarding the effect of rocker on sagittal plane movements of the foot.
Our study has some limitations such as lack of access to some sites and articles and unavailability of the full text of some articles. This study has also some suggestions; This research included all sorts of article designs from RCT to case reports. Most studies emphasized treatment of foot plantar ulcers in diabetic patients and the role of orthoses interventions in achieving this goal. Also, most shoes and orthoses aimed at reducing the pressure from the wounded areas and the risk of developing ulcers. There are very few studies on the effect of orthoses on standing balance and gait parameters and even in some areas there was no study. However, no study has been conducted regarding the therapeutic effect of orthoses on energy consumption in these people and it is recom-January 2017. Volume 6 . Number 4 mended that further studies be focused on this topic because of its importance.
